Only the latency-associated transcript (LAT) of the herpes simplex virus type 1 (HSV-1) genome is transcribed during latency, while the lytic genes are suppressed, possibly by LAT antisense mechanisms and/or chromatin modifications. In the present study, latently infected dorsal root ganglia were explanted to assess both relative levels of LAT and histone H3 (K9, K14) acetylation of the LAT locus and ICP0 promoter at early times postexplant. We observed that a decrease in both LAT enhancer histone H3 (K9, K14) acetylation and LAT RNA abundance occurs prior to an increase in acetylation, or transcriptional permissiveness, at the ICP0 promoter.
Herpes simplex virus type 1 (HSV-1) is characterized by its ability to establish latency as an episome in neurons (12) . During this time, transcriptional activity is virtually nonexistent, with the exception of the latency-associated transcript (LAT), an 8.3-to 8.5-kb noncoding RNA that can be spliced to yield a 2.0-kb stable intron (5, 13, 16) . One proposed function of the LAT is the suppression of nearby lytic phase transcripts ICP0, ␥34.5, and ICP4 through antisense mechanisms, thereby promoting the establishment and maintenance of latency (3) . Studies using LAT promoter and/or 5Ј exon mutants demonstrate impaired establishment of latency and leaky expression of lytic phase transcripts (3) . In addition, a recent study has demonstrated that the lytic gene regions of LAT mutants are associated with less of the repressive histone H3 K9 dimethyl, suggesting that the LAT plays a direct role in promoting a transcriptionally nonpermissive environment for lytic genes during latency (18) . If the LAT is indeed responsible for suppressing lytic phase transcripts during latency, one might expect reactivation to directly regulate LAT levels.
In addition to putative LAT-mediated suppression of lytic transcripts during latency, mounting evidence suggests that latent gene expression is also regulated at the chromatin level. The latent viral genome is known to associate with nucleosomes (4) . Investigation of chromatin modification, in particular, the acetylation of histone H3 lysine residues 9 and 14 (K9 and K14, respectively), demonstrates that during latency, the lytic regions of the virus exist in a hypoacetylated, or transcriptionally nonpermissive, state, while the LAT promoter and 5Ј exon/enhancer remain hyperacetylated, or transcriptionally permissive (9) (Fig. 1) . However, LAT transcription is not a prerequisite, nor is it necessary to maintain the hyperacetylated, or structurally relaxed, chromatin state (8) , suggesting that the enhancer within the LAT region is an important cisacting DNA element.
Reactivation of the latent viral genome has been linked to a reactivation critical region (rcr) that encompasses the LAT core promoter through the LAT 5Ј exon/enhancer, since recombinants lacking this region display greatly reduced reactivation phenotypes (2, 6, 7, 10) . However, this still does not address whether the regulatory elements in the rcr act at the RNA or DNA/chromatin level. An initial study using Northern blot analysis had detected a decrease in LAT at 24 and 36 h postexplant of latently infected murine trigeminal ganglia (14) , suggesting that LAT expression may be incompatible with reactivation. Therefore, we sought to determine whether changes in LAT transcription and/or histone acetylation occur at early times during reactivation.
A model to study early molecular events of reactivation involves explant of latently infected murine dorsal root ganglia (DRG) into supplemented medium, a process that results in reactivation of latent virus (15) . In the present study, explanted DRG were placed in medium and incubated for specific time intervals, followed by RNA isolation or chromatin cross-linking.
To determine the effect of explant on LAT levels, RNA was isolated from female murine DRG and reverse transcribed using random decamers, and the resulting cDNA was analyzed by real-time (TaqMan) PCR. Relative quantities of the LAT were normalized to either adenine phosphoribosyl transferase (APRT), a cytoplasmic cellular transcript, or to Xist, a nuclear noncoding RNA. As shown in Fig. 2 , LAT abundance may transiently increase initially (1.5-to 2-fold), before decreasing between 2 and 3 h postexplant (hpe). Regardless of the cellular control used for normalization, the overall pattern of expression appears the same, suggesting that the decreases observed for the LAT following explant were not due to a general decrease in either total cellular or nuclear RNAs.
The observed effect of explant on LAT RNA levels suggests that early events in explant-induced reactivation may alter transcription of the LAT. Previously, we reported that the LAT region is maintained in a hyperacetylated state during latency, independently of LAT transcription; therefore, we sought to determine whether there was a change in histone H3 (K9, K14) acetylation following explant. Chromatin immunoprecipitation (ChIP) analysis of the LAT promoter following explant demonstrated a dramatic reduction in acetylation as early as 1 hpe (Fig. 3A) . In order to be certain that this effect was not due to global changes in histone acetylation caused by explant-induced stress, subsequent experiments ( Fig. 3B and C) were normalized to APRT, a constitutively expressed cellular gene. In the third experiment ( Fig. 3C ), the decrease in acetylation at the 1-hpe time point was not as dramatic, and in this experiment the acetylation actually increased between 1 and 2 hpe. Overall, the LAT promoter displayed a variable decrease in histone H3 acetylation occurring within the first hour of explant.
Because it was previously reported that the LAT enhancer is capable of increasing LAT transcription (1) and because acetylation of the enhancer was shown to be independent of abundant LAT transcription (8) , it seemed plausible that the observed decrease in LAT abundance might correlate with changes in the acetylation of histones associated with the LAT enhancer following explant-induced reactivation. Real-time PCR analyses of the LAT 5Ј exon for the same three ChIP experiments that were analyzed for the LAT promoter displayed marked decreases of at least fivefold in acetylation occurring as early as 0.5 hpe (Table 1 ; Fig. 3A to C), with the decrease by 1 hpe being statistically significant among the three independent ChIP experiments (P Ͼ 0.02). It should be noted that in experiment 3, following a dramatic decrease in acetylation of the 5Ј exon at 0.5 hpe, there is an increase in acetylation. This increase parallels the increase in acetylation observed at the LAT promoter in this same experiment and possibly reflects a more rapid return to the "latent" acetylation state in this set of ganglia. Overall, the dramatic and rapid decreases in the acetylation of histone H3 associated with the 5Ј exon and LAT promoter suggest that a rapid change in transcriptional permissiveness precedes the decrease in LAT RNA abundance.
To determine whether the observed changes in the LAT abundance are linked to a change in the transcriptional permissiveness of the ICP0 promoter, we also analyzed its acetylation status using the same ChIP experiments. As shown in Fig. 3A to C (far right column), there is a net increase in ICP0 promoter acetylation occurring as early as 2 hpe and increasing by as much as threefold by 3 hpe. Despite this increase in acetylated histone H3 associated with the ICP0 promoter, no significant increase in ICP0 transcription could be detected by 5 PFU/mouse of HSV-1 strain KOS as described previously (8) . cDNA was analyzed in triplicate by realtime PCR using primers and a probe specific for the 5Ј exon of the LAT (nucleotides 119326 to 119397) (8) . Relative quantities of LAT RNA were normalized to the PCR of the cellular genes Xist (8) Taken together, these data show a sequential process where changes in chromatin structure of the LAT enhancer and decreased transcription of the LAT allow for an increase in acetylation at the ICP0 promoter, perhaps facilitating productive reactivation in at least some neurons. In order to extend these analyses and determine whether an increase in ICP0 transcription could be detected following longer incubations of the explants, we performed three independent ChIP and reverse transcription-PCR (RT-PCR) experiments at 8 and 12 hpe. We chose 12 hpe as our latest time point since it has been recently shown that infectious virus is first detected in the majority of explants at 14 hpe (11) . ChIP analyses of the 8-and 12-hpe time points revealed that the LAT and ICP0 promoters and the LAT 5Ј exon show comparable levels of acetylation at 8 and 12 h (Fig. 4A) . In comparison to the levels of acetylation observed at 3 and 4 h, this represents a slight decrease in transcriptional permissiveness of the ICP0 promoter but is still higher than the baseline values for time zero (latent expression). RT-PCR analyses of these later time points clearly demonstrate that the levels of LAT RNA remain low through the 12-h time point (Fig. 4B) . These results are consistent with, and extend, our observations at the earlier time points (Fig. 2) . Nonetheless, we still failed to detect a significant increase in ICP0 transcription by 12 hpe. It should be noted that the earliest detection of a net increase in ICP0 transcripts in explanted ganglia was 96 h by Northern blotting (14) or 24 h by RT-PCR (17) . Since it has been shown that the first round of reactivating virus produced by explant occurs by 14 h (11), it is likely that the inability to detect an increase in ICP0 RNA is because ICP0 transcription occurs in only the small subset of cells that ultimately go down the path to productive reactivation. It is well documented that reactivation occurs only in a small percentage of the total population of latently infected neurons, so detection of this small increase in ICP0 transcripts above the background of the entire latent population would be difficult, if not impossible. It is also likely that the ICP0 transcription detected at 24 h and later postexplant reflects secondary rounds of replication within the explanted ganglia, possibly in nonneuronal support cells (11) . This study sought to determine the relationship between regulation of the LAT and the LAT region acetylation status at early reactivation times. The observations described here support the hypothesis that the LAT may act to suppress immediate-early genes and that the chromatin status of the LAT enhancer is linked to early reactivation events. Previous studies using the LAT promoter and/or 5Ј exon mutants showed impaired establishment of latency and leaky expression of lytic phase transcripts during latency. Our finding that a significant and dramatic decrease in the LAT occurs at early times during explant-induced reactivation supports the notion that the LAT may be acting through antisense or other RNA-mediated mechanisms to suppress nearby lytic phase transcripts. Furthermore, the changes observed in the acetylation status of the LAT enhancer indicate that the LAT enhancer is both sensitive and responsive to reactivation signals. The increased level of acetylation at the ICP0 promoter following deacetylation of the LAT enhancer suggests that chromatin remodeling both at the LAT locus and at the ICP0 promoter may be directly linked during reactivation. It is therefore possible that the LAT enhancer functions to recruit a novel histone-modifying complex that helps establish and maintain the active expression of the LAT during latency. During reactivation, the complex may quickly respond to restructure the chromatin within the LAT region to facilitate nearby lytic phase gene expression. Work aimed at identifying such a complex is currently under way. 
